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Hydrothermal reaction involving zinc nitrate hexahydrate, 
trisodium benzene-l,3,5-tricarboxylate (Na 3 BTC) and 2- 
methylimidazole (2-MeImH) yielded the title compound, 
[Zn 2 (C 9 H 3 0 6 )(C4H 5 N 2 )(C 4 H 6 N 2 )3]. In this mixed-ligand 
metal-organic compound, Zn 2+ ions are coordinated by N 
atoms from 2-MeImH molecules and (2-MeIm)~ ions, as well 
as by O atoms from (BTC) 3 ~ ions. This results in two different 
distorted tetrahedra, viz. ZnN 3 0 and ZnN 2 0 2 . These tetra- 
hedra are interconnected via (BTC) 3 ~ ions and AW-bridging 
(2-MeIm)~ ions, thus forming a layered structure in the be 
plane. Hydrogen bonds between the O atoms of carboxylate 
ions and NH groups of 2-MeImH ligands link the layers into a 
three-dimensional structure. 

Related literature 

For metal-organic frameworks, see: Li et al. (1999); Kitagawa 
et al. (2004); Stock (2010); Maniam et al. (2010). For related 
structures, see: Cheng et al. (2001); Zheng et al. (2010); Huang 
et al. (2006); Martins et al. (2010); Park et al. (2006). 
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Experimental 

Crystal data 

[Zn 2 (C 9 H 3 0 6 )(C 4 H 5 N 2 )(C 4 H 6 N 2 ) 3 ] 

M, = 665.28 

Orthorhombic, Pbcn 

a = 18.9722 (6) A 

b = 18.2247 (4) A 

c = 16.5585 (4) A 

Data collection 

Stoe IPDS-1 diffractometer 
Absorption correction: numerical 
(X-RED and X-SHAPE; 
Stoe & Cie, 2008) 
T*&, = 0.684, r miix = 0.814 

Refinement 

R[F 2 > 2cr(F 2 )] = 0.061 

wR(F 2 ) = 0.143 

S = 1.13 

7732 reflections 



Table 1 

Selected geometric parameters (A, °). 



Table 2 

Hydrogen-bond geometry (A, °). 



V = 5725.3 (3) A 3 
Z = 8 

Mo Ka radiation 
ii = 1.73 mm~' 
T = 293 K 

0.16 x 0.09 x 0.07 mm 



38494 measured reflections 
7732 independent reflections 
6222 reflections with / > 2tr(/) 
R inl = 0.050 



370 parameters 

H-atom parameters constrained 
A/w = 0.47 e A~ 3 
Apmin = -0.54 e A~ 3 



1.998 (3) 
2.015 (4) 
1.992 (3) 
2.027 (3) 



Znl-04 1.942 (3) Znl-NIF 

Zn2- 06 1.968 (3) Znl-NIG 

Zn2-Ol' 1.976 (2) Zn2-Nlff 

Znl-N2//" 1.971 (3) Zn2-Nl£ 

Symmetry codes: fi) x. — y, z + ^ (ii) — x -f |, y + 1, z. 



11 II .1 D-H H-A D A I) II .1 

N2E-H2EN- ■ -03 iu 0.86 2.06 2.912 (5) 169 

N2F-H2FN- ■ -02 iv 0.86 1.84 2.693 (5) 172 

N2G-H2GA'- ■ -05" 0.86 1.94 2.798 (5) 175 

Symmetry codes: (iii) x + |, — y + \, — z; (iv) — x + 1, y, — z — |; (v) — x + l,y, — z + \. 

Data collection: X-AREA (Stoe & Cie, 2008); cell refinement: X- 
AREA; data reduction: X-AREA; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND 
(Brandenburg, 2010); software used to prepare material for publi- 
cation: XCIF in SHEEXTL (Sheldrick, 2008). 

The authors thank Dr Christian Nather and Inke Jess 
(University of Kiel) for the acquisition of the single-crystal 
data. This work was supported by the State of Schleswig- 
Holstein, Germany and the German Research Foundation 
(DFG; SPP-1362). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5531). 
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Poly [(/^-benzene-l^^-tricarboxylato-^O 1 : 0 3 : 0 5 )(i tt 2 - 2-methylimidazolato- 
methylimidazole-/dV)dizinc(II)] 

P. Maniam and N. Stock 
Comment 

Metal-organic frameworks (MOF) are being investigated intensively, mainly for their high specific surface areas (Li et ah, 
1999; Kitagawa et ah, 2004). In our workgroup, we are interested in using organic ligands containing multiple functional 
groups as the linkers for the MOFs. We employ high-throughput (HT) methods, which allow the rapid and systematic in- 
vestigation of compound formation fields (Stock, 2010; Maniam et at, 2010). HT-screening of various first row transition 
metal ions with trisodium benzene- 1, 3, 5-tricarboxylate (Na3BTC) and 2-methylimidazole (2-MeImH) has yielded the col- 

2+ 

orless block crystals of (I). The asymmetric unit of compound (I) consists of two crystallographically independent Zn 

ions, one fully deprotonated (BTC) ", one 2-methylimidazolate (2-MeIm)" ion and three 2-MeImH ligands (Fig. 1). The 

2+ 3 
Zn ions are tetrahedrally coordinated by oxygen atoms originating from (BTC) " and nitrogen atoms from (2-MeIm)" and 

2-MeImH. The Zn-0 bond distances lie between 1.942 (3)— 1.976 (2) A which are slightly shorter than Zn - N bonds of 

1.971 (3)-2.027 (3) A. The bond angles in ZnN 3 0 tetrahedra ranges between 100.42 (14)-1 16.61 (16)° while in ZnN 2 0 2 , 

the bond angles of 96.73 (13)— 122. 12 (11)° are observed (Tab. 1 & Tab. 2). It was also observed that Zn-(2-MeIm)~ — Zn 
angle lies at 146.8 (1)° which is close to 145° angles in zeolitic imidazolate frameworks and zeolite structures (Park et al.., 
2006). The C=0 and C — O bonds in the carboxylate groups can be clearly distinguished from each other by their bond 
lengths of 1.229 (5)-1.236 (5) A and 1.266 (4)-1.275 (4) A, respectively. Weak hydrogen bonds in the 2.6 < <#(0—H — N) < 
3.0 A range are observed between the O atoms of the carboxylate ions and N — H groups of the 2-MeImH ligands (Fig. 2). 

By considering the ZnN30 and ZnN 2 02 tetrahedra bridged by the (2-MeIm)" as a Zn-(2-MeIm)-Zn dimer, this dimer is 

3 3 

connected to three terminal 2-MeImH ligands and three (BTC) " ions. Each (BTC) " ion is then further connected to two 
Zn-(2-MeIm)-Zn dimers (Fig. 3) and layers in the be plane are formed. Through extensive O—H — N hydrogen bonding, the 
layers are interconnected along the a-axis to form a dense three-dimensional crystal structure (Fig. 4, Tab. 2). 

Experimental 

All reagents were of analytical grade (Aldrich and Fluka) and were used without further purification. High-throughput (HT) 
experiments in 300 ml Teflon-lined reactors yielded the crystals of compound (I). The reaction mixture consisted of zinc(II) 
nitrate hexahydrate (5.9 mg, 0.02 mmol), Na3(BTC) (2.76 mg, 0.01 mmol), 2-methylimidazole (4.11 mg, 0.05 mmol) and 
deionized water (200 ml). The mixture was heated in a 300 (0.1 Teflon-lined high-throughput reactor at 423 K for 48 h (Stock, 
2010). The mixture was cooled to room temperature over a period of 12 h and colourless plate-like crystals were obtained. 
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Refinement 

All H atoms were located in difference Fourier maps. Idealized values for the bond lengths (C — H = 0.93 A and N — H = 0.86 
A) and angles were used and the H-atom parameters were refined using a riding model. The highest peak of 0.47 e A"" 5 in 
the residual electron density map is located 0.82 A from N1H and the deepest hole of 0.54 e A" 3 is located 0.69 A from Znl . 



Figures 
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Fig. 1 . The asymmetric unit of (I), showing the atom-labelling scheme. Displacement ellips- 
oids are drawn at the 30% probability level and H atoms are omitted for clarity. 



Fig. 2. The tetrahedral coordination environment of the Znl and Zn2 ions. Green broken lines 

indicate the weak hydrogen bonds between the carboxylate groups of the (BTC) " ions and 
H — N groups of the 2-MeImH ligands. [Symmetry codes: (i) -x + 3/2, y + 1/2, z; (ii) x, -y, z 
+ 1/2; (hi) x, -y, z - 1/2; (iv) -x + 3/2, y - 1/2, z; (v) x + 1/2, -y + 1/2, -z; (vi) -x + 1, y, -z - 1/2; 
(vii) -x + 1, y, -z + 1/2; (viii) x - 1/2, -y + 1/2, -z.] 




Fig. 3. Ball-and-stick representation for (I) showing the interconnection of Zn-(2-MeIm)-Zn 

dimers (marked as differently colored polyhedra) by (BTC) " ions and thus forming a layered 
arrangement in the b,c plane. Zn: purple, O: grey, N: blue, C: black and H: green. Hydrogen 

atoms of (BTC) " are omitted for clarity. 



Fig. 4. Layer packing diagram of compound (I). All atoms of one layer are presented by the 
same colour. H-bonds (see Fig. 2) between the layers are depicted by black broken lines. 



Poly[(u3-benzene-1,3,5-tricarboxylato- k O :0 :0 )(u2-2-methylimidazolato- k MN')tris(2-methylimidazole- 
KiV)dizinc(ll)] 



Crystal data 

[Zn 2 (C 9 H 3 0 6 )(C4H 5 N2)(C4H 6 N 2 ) 3 ] 
M,-= 665.28 

Orthorhombic, Pbcn 
Hall symbol: -P 2n 2ab 
a = 18.9722 (6) A 
b= 18.2247 (4) A 



^(000) = 2720 

D x = 1.544 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 40409 reflections 

6= 1.6-29.7° 

|i = 1.73 mm 1 
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c = 16.5585 (4) A 7=293 K 

V= 5725.3 (3) A 3 Block, colourless 

Z=8 0.16 x 0.09 x 0.07 mm 



Data collection 



Stoe IPDS-1 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp scans 

Absorption correction: numerical 
(X-RED and X-SHAPE; Stoe & Cie, 2008) 
r min = 0.684, r max = 0.814 
38494 measured reflections 



7732 independent reflections 

6222 reflections with / > 2o(I) 
R int = 0.050 

Qmax = 29.3°, 0 m i n = 1 .6° 

h = -26^26 

k = -24^23 
1 = -16-»22 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.061 
wR(F 2 ) = 0.143 
5= 1.13 

7732 reflections 
370 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = \I[o\f 2 ) + (0.0602P) 2 + 8.9412P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.47 e A~ 3 
Ap m i„ = -0.54 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 

x y z U iso */U eq 

Znl 0.45797 (2) 0.21003 (2) 0.06434 (3) 0.03012 (11) 

Zn2 0.86974 (2) -0.02837(2) 0.16875 (2) 0.02691 (11) 

Ol 0.82544(13) 0.04108 (16) -0.22416 (15) 0.0317 (6) 
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U.21 /2 


0.157 


* 




Mir 


U.4Z1 / (Z) 


A 1 1 A "7 

U.134/ (2) 


A 1 A 1 1 

U.1431 


(2) 0.0444 (8) 




JN20 


U.30U4 (3 j 


A A7/1A CY\ 
U.U /4U (5 ) 


A on 1 
U.2321 


(3) 0.0631 (13) 




H2UJN 


a nnn 
U.32VU 


A Pt/^A 1 
U.U043 


a i/:oa 


0.076 


* 








a 1 &a z fi\ 
— U.1d4j \Z) 


All 1A 


(2) 0.0328 (8) 




C2H 


1.U1534 {[y) 


-U.U62S (2) 


A 1 C"7A 


(2) 0.0338 (8) 




1 1 ^ 1 1 

H2H 


l.UioV 


—0.0393 


U.l /S2 


0.041 


* 




z ■ 1 1 1 

C3H 




a i /in 
-U.143 / (2) 


A lull 


(3) 0.0359 (8) 




1 1 1 1 1 

rlirl 


1 1 ai o 


-0.1493 


0.1452 


0.043 


* 




C4H 


0.8800 (2) 


-0.2001 (3) 


0.0853 


(4) 0.0578(15) 




H4H1 


0.8900 


-0.2490 


0.0671 


0.069 


* 




H4H2 


0.8601 


-0.1721 


0.0418 


0.069 


* 




H4H3 


0.8470 


-0.2020 


0.1293 


0.069 


* 




N1H 


0.94875 (15) 


-0.09609 (18) 0.14179 (19) 0.0302(6) 




N2H 


1.01007 (16) 


-0.19593 (18) 0.1103 (2) 0.0324(7) 




Atomic displacement parameters 


(A 1 ) 












U u 


u 22 


t/ 33 


U 12 




rr 23 
u 


Znl 


0.02406 (18) 


0.0339 (2) 


0.0324 (2) 


-0.00044(16) 


0.00318 (16) 


a aaiai c\ st\ 
U.UU3U3 {i-o) 


Zn2 


0.02578 (18) 


0.0330 (2) 


0.02195 (18) 


0.00254 (16) 


0.00150 (15) 


a aa 171 /1 &\ 
U.UU 1/1 ^1 0) 


Ol 


0.0277 (11) 


0.0457 (15) 


0.0218(11) 


0.0058 (10) 


0.0038 (9) 


U.UUZU (1 1 ) 


02 


0.064 (2) 


0.067 (2) 


0.0317(15) 


0.0266(17) 


0.0106(14) 


U.U1 / J (,ioj 


03 


0.0392 (15) 


0.059 (2) 


0.0460 (17) 


0.0201 (14) 


0.0056 (14) 


a ai /1 &\ 
U.U1ZZ ^1 0) 


04 


0.0305 (13) 


0.0449 (15) 


0.0361 (15) 


0.0112 (11) 


0.0091 (11) 


U.UUUV y\-Z) 


05 


0.0490(17) 


0.066 (2) 


0.0232 (12) 


0.0188(15) 


0.0029 (12) 


a nnT) (\ A\ 
U.UUZZ (14) 


06 


0.0354(13) 


0.0493 (17) 


0.0254 (12) 


0.0162(12) 


-0.0044 (10) 


a aa 17 /n\ 
U.UU1 / (^IZJ 


CI 


0.0248 (15) 


0.0310 (17) 


0.0228 (15) 


-0.0002 (13) 


0.0014(12) 


a AA7/1 (\ i\ 
U.UUZ4 


C2 


0.0306 (16) 


0.0342 (18) 


0.0253 (16) 


0.0060 (14) 


-0.0006 (13) 


A AA77 (\ C\ 
U.UUZ / (1 D) 


C3 


0.0293 (16) 


0.0323 (17) 


0.0281 (17) 


0.0038 (13) 


0.0033 (14) 


a aaaa (\ A\ 
U.UUUU (14) 


C4 


0.0268 (15) 


0.0383 (19) 


0.0252 (16) 


0.0017(14) 


0.0035 (13) 


U.UU1 / (,OJ 


C5 


0.0274 (15) 


0.0325 (17) 


0.0215 (15) 


0.0023 (13) 


-0.0009 (12) 


U.UUU J ( Lj) 


C6 


0.0255 (15) 


0.0323 (17) 


0.0250 (16) 


0.0041 (12) 


-0.0006 (12) 


A AA 17 C\A\ 

U.UU1Z (14) 


C7 


0.0283 (15) 


0.0357 (18) 


0.0228 (15) 


0.0002(13) 


0.0002(12) 


A AAA7 (\ A\ 

U.UUUZ (14) 


C8 


0.0256 (15) 


0.0348 (18) 


0.0300 (18) 


0.0031 (13) 


0.0010(13) 


A AAAA (\ C\ 

u.uuuy (i j) 


C9 


0.0301 (16) 


0.0369 (18) 


0.0217(15) 


0.0030 (14) 


-0.0010 (12) 


A AA 1/1 f\ A\ 

U.UU 14 ( 14) 


cm 


0.037 (2) 


0.044 (2) 


0.038 (2) 


-0.0042 (17) 


0.0001 (16) 


A AA C 7 (\ Q\ 

U.UUjZ (lo) 


C2E 


0.058 (3) 


0.041 (2) 


0.054 (3) 


-0.005 (2) 


-0.004 (2) 


A AAA /7^ 

u.uuy {z ) 


C3E 


0.042 (2) 


0.044 (2) 


0.041 (2) 


-0.0027 (17) 


0.0055 (17) 


A AA77 (\ Q\ 

U.UU /Z \ Vy) 


C4E 


0.061 (3) 


0.065 (3) 


0.048 (3) 


-0.002 (3) 


0.019(2) 


A A1 A (1\ 

U.U14 \5 ) 


N1E 


0.0395 (17) 


0.0330 (17) 


0.0330(17) 


-0.0053 (13) 


0.0025 (13) 


A AAA 1 ( \1\ 
— U.UUU1 {IJ) 


N2E 


0.049 (2) 


0.0393 (19) 


0.053 (2) 


-0.0128(16) 


-0.0061 (18) 


A AA/1 7 (\ Q\ 
U.UU4 / {io) 


C1F 


0.0324 (18) 


0.042 (2) 


0.045 (2) 


-0.0075 (16) 


-0.0023 (16) 


A AAA/C i'I AN 

-U.UUyo (19) 


C2F 


0.0330 (18) 


0.043 (2) 


0.052 (3) 


0.0046 (16) 


-0.0054 (17) 


-0.016(2) 


C3F 


0.037 (2) 


0.057 (3) 


0.055 (3) 


0.0069 (19) 


-0.0136(19) 


-0.014 (2) 


C4F 


0.058 (3) 


0.040 (3) 


0.086 (4) 


-0.003 (2) 


-0.010(3) 


-0.021 (3) 


N1F 


0.0261 (14) 


0.0379 (17) 


0.0420(18) 


-0.0006 (12) 


-0.0046 (13) 


-0.0075 (14) 


N2F 


0.0368 (17) 


0.057 (2) 


0.049 (2) 


-0.0025 (16) 


-0.0129 (16) 


-0.0165 (19) 
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1 ( • 

CIO 


U.Uoo {3 ) 


a AC/1 

U.Uj4 {j ) 


A A/i 1 (1\ 

U.Uol {3 ) 


a ai £ a\ 
— U.Ulo (Z ) 


A A 1/1 

U.U34 {3 ) 


A AA1 (1\ 

— U.UU3 {3 ) 


CZO 


a a^t. 
U.U03 [d ) 


a az: i /"3\ 
U.Uol (3) 


A A7£ (A\ 

U.U /O (4) 


U.UUO \5 ) 


A A 1 (L CX\ 

U.Ulo \5 ) 


U.UZ4 \ j ) 




a aqa 
U.UoU (4 J 


A A£7 

U.UO / (4) 


A C\1A (A\ 
U.U /4 (4 J 


A AAC fl\ 

U.UU J [d ) 


A AAO fl\ 

U.UUo ) 


A ATO fl\ 

U.UZo [d ) 


C40 


U.13U {/ ) 


A AQI 

u.uyj (o) 


a i /:a /I A\ 

U.lov (1U) 


A AT 1 /C\ 

U.UZ1 (j) 


nil/: /h\ 
U.l 10 ( 1 ) 


A A 1 (C\ 

U.Ulo (0) 


mi n 
IN lO 


a c\AA 1 

u.u44i (iy) 


A A/1Q /")\ 
U.U4V (Z) 


A A/1 AC / 1 A\ 

U.U4U3 (IV) 


A AACQ (~\ f.\ 

U.UU J j (10) 


a a i i 7 /i z:\ 
U.U1 1 / (10) 


A AA17 ( 1 ~}\ 

U.UU3 / \ Y 1) 


'win 


U.U /Z (3) 


A A "7 A fX\ 

U.U /U (3 ) 


A A/1 7 

U.U4 / \L) 


a 7 fi\ 
U.UZ / (Z) 


A ATA /">\ 

U.UZU (Z ) 


A AA/1 (")\ 

U.UU4 \L) 


PITT 

C1H 


0.0244 (16) 


A ATA ( r i\ 

0.039 (2) 


A A1 /I O / 1 A^ 

0.0348 (19) 


A AAAT /I /1\ 

0.0002 (14) 


A AATC / 1 A\ 

0.0025 (14) 


A AA1 T /I /"\ 

-0.0037 (16) 


C2H 


0.0288 (16) 


0.041 (2) 


0.0317(19) 


0.0012(15) 


-0.0039 (14) 


-0.0053 (16) 


C3H 


0.0219(15) 


0.048 (2) 


0.038 (2) 


0.0040 (14) 


-0.0044 (14) 


-0.0122(18) 


C4H 


0.0225 (18) 


0.058 (3) 


0.092 (4) 


0.0010(18) 


0.000 (2) 


-0.024 (3) 


N1H 


0.0244 (13) 


0.0361 (16) 


0.0302 (15) 


0.0039 (12) 


0.0007(11) 


-0.0044 (13) 


N2H 


0.0257 (14) 


0.0363 (17) 


0.0350 (16) 


0.0034(12) 


0.0002 (12) 


-0.0051 (14) 



Geometric parameters (A, °) 



Znl— 04 


1.942 (3) 


N2E— H2EN 


0.8600 


Zn2— 06 


1.968 (3) 


C1F— N1F 


1.325 (5) 


Zn2— Ol' 


1.976 (2) 


C1F— N2F 


1.333 (6) 


Znl — N2H" 


1.971 (3) 


C1F— C4F 


1.490 (7) 


Znl — N1F 


1.998 (3) 


C2F — C3F 


1.349 (6) 


Znl — NIG 


2.015 (4) 


C2F — N1F 


1.381 (5) 


Zn2 — N1H 


1.992 (3) 


C2F — H2F 


0.9300 


Zn2 — N1E 


2.027 (3) 


C3F — N2F 


1.361 (6) 


Ol — C7 


1.265 (4) 


C3F — H3F 


0.9300 


02 — C7 


1.228 (5) 


C4F — H4F1 


0.9600 


03 — C8 


1.236 (5) 


C4F — H4F2 


0.9600 


OA — C8 


1.274 (5) 


C4F — H4F3 


0.9600 


05 — C9 


1.236 (5) 


N2F — H2FN 


0.8600 


r\f. rn 

uo — 




1 \J IN 1 \J 


1 1 1 Q 


CI— C6 


1.388 (5) 


C1G — N2G 


1.340 (7) 


CI— C2 


1.395 (5) 


C1G — C4G 


1.480 (10) 


CI— C7 


1.503 (5) 


C2G — C3G 


1.348 (8) 


C2— C3 


1.390 (5) 


C2G— NIG 


1.372 (7) 


C2— H2A 


0.9300 


C2G— H2G 


0.9300 


C3— C4 


1.386 (5) 


C3G — N2G 


1.349 (8) 


C3— C8 


1.507 (5) 


C3G— H3G 


0.9300 


C4— C5 


1.389 (5) 


C4G— H4G1 


0.9600 


C4— H4A 


0.9300 


C4G— H4G2 


0.9600 


C5— C6 


1.394 (5) 


C4G— H4G3 


0.9600 


C5— C9 


1.501 (5) 


N2G— H2GN 


0.8600 


C6— H6A 


0.9300 


C1H— N1H 


1.336 (5) 


C1E— N1E 


1.321 (5) 


C1H — N2H 


1.339 (4) 


C1E— N2E 


1.340 (6) 


C1H — C4H 


1.488 (5) 


C1E— C4E 


1.477 (7) 


C2H — C3H 


1.348 (6) 


C2E— C3E 


1.338 (7) 


C2H — N1H 


1.369 (4) 


C2E— N2E 


1.368 (7) 


C2H— H2H 


0.9300 


C2E— H2E 


0.9300 


C3H— N2H 


1.368 (5) 


C3E— N1E 


1.377 (5) 


C3H— H3H 


0.9300 


C3E— H3E 


0.9300 


C4H— H4H1 


0.9600 
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C4E— H4E1 


0.9600 


C4E— H4E2 


0.9600 


C4E— H4E3 


0.9600 


04— Znl— N2H" 


111.87(13) 


04— Znl— NIF 


112.28(13) 


N2H"— Znl— NIF 


110.38 (14) 


04— Znl— NIG 


100.42 (14) 


N2H"— Znl— NIG 


116.61 (16) 


NIF— Znl— NIG 


104.81 (15) 


06— Zn2— 01' 


122.12(11) 


06— Zn2— N1H 


106.66 (12) 


01'— Zn2— N1H 


116.64(13) 


06— Zn2— N1E 


102.68 (13) 


Ol' — Zn2 — N1E 


96.73 (13) 


N1H — Zn2 — N1E 


110.08 (13) 


p-7 p,i Vnl 111 

C/ — C*l — Zn2 


1 1 O.U ^Z J 


po r\A v 1 
Co — U4 — Zn 1 


ITft 1 /Q \ 

130.2 (3) 


Cy — Oo — Zn2 


i i i n pin. 

113.9 (2) 


p/c p 1 pi 

Co — CI — C2 


119.6 (3) 


p/; pi f ' ~~i 
Co — CI — C/ 


120. / (i) 


PI P 1 P"7 

C2 — CI — C/ 


1 1 Ct H (1\ 

ny. / (i) 


pi pi pi 
C3 — Cz — C 1 


nn c Pi \ 
120. D (3) 


f> m a 
C3 — Cz — rlzA 


1 1 Q Q 

i iy.o 


C 1 — Cz HZ A 


119.8 


p/i pi pi 
C4 — C3 — Cz 


1 1(1 1 /1\ 

ny.2 (3) 


p/i pi po 
C4 — C3 — Co 


1 im /i\ 

ny.2 (3) 


pi pi po 
Cz — C3 — Co 


ni /; pi \ 
121.0 (3) 


pi p/i pc 
C3 — C4 — CD 


121.1 (3) 


PI f^A \JA A 

C3 — C4 — ri4A 


1 1 n £ 
1 ly.D 


pc p/i tt/i a 
Cj — C4 — H4A 


i in ; 

ny.D 


p/i pc p/: 
C4 — CD — Co 


i i n 1 Pl\ 
liy.3 (3) 


p/i pc pn 

C4 — cd — cy 


1 1 O ft /1\ 

iio.y (3) 


p/; pc pn 

Co — cd — cy 


ni i /i\ 
121. / (3) 


pi p/: pc 
CI — Co — CD 


120.3 (3) 


p 1 p/; it/: a 
CI — Co — fioA 


linn 

i iy.y 


pc p/; xssc a 
CD — Co — HoA 


nnn 

ny.y 


pn p~7 p.1 
(J2 — C / — U 1 


m i pi \ 
123. / (3) 


p.1 p~7 pi 
(JZ — C / — C 1 


1 1 n o Pi \ 
liy.O (3) 


r\ 1 p~7 p i 
Ul — C/ — CI 


1 1 a c pi\ 
llo.D (3) 


p.i po p./i 
(J3 — Co — U4 


12D.D (3) 


p.1 po pi 
(J3 — Co — C3 


1 1 n o ii\ 

ny.o (3) 


r\A po pi 

04 — Co — C3 


11/1 n t"i\ 

114.7 (3) 


05— C9— 06 


124.1 (3) 


05— C9— C5 


119.2 (3) 


06— C9— C5 


116.7(3) 


N1E— C1E— N2E 


110.2(4) 


N1E— C1E— C4E 


126.4 (4) 



C4H— H4H2 


0.9600 


C4H— H4H3 


0.9600 


NIF— CIF— N2F 


109.9 (4) 


NIF— CIF— C4F 


126.3 (4) 


N2F— CIF— C4F 


123.8 (4) 


C3F— C2F— NIF 


109.0 (4) 


C3F— C2F— H2F 


125.5 


NIF— C2F— H2F 


125.5 


C2F— C3F— N2F 


106.1 (4) 


C2F— C3F— H3F 


127.0 


N2F— C3F— H3F 


127.0 


CIF— C4F— H4F1 


109.5 


CIF— C4F— H4F2 


109.5 


H4F 1 — C4F — H4F2 


109.5 


V. IF — k^tr — STL^r D 


1 U7.J 


H4f 1 — C4f — H4r3 


1 Pin £ 

loy.D 


TJ/lfl / ',| r TT/lfl 

H4f 2 — C4f — H4r 3 


1 nn £ 

loy.D 


/ ■ 1 r Ml 17 / ' 1 1 - 

Clf — IN If — C2f 


1 pi/; t /i\ 

106.2 (3) 


/■ | r mi 17 7^1 

Clr — IN If — Znl 


n? q pq \ 
12D.3 (3) 


PIC mi 17 ry i 

C2f — IN If — Znl 


1 TO C PI \ 

12o.D (3) 


/"■IT— \jii7 pic 

Clf — IN2f — C3f 


1 no o {a \ 
100.0 (4) 


fir \11C U1CM 

Clf — IN2f — fi2f IN 


12D.0 


C3f — JN2f — fi2f IN 


12D.0 


Mir pip mip 
IN l(j — CIO — JN20 


1 1 n n pc\ 
110.0 (D) 


Mip pip pip 

IN 1 O — C 1 O — C40 


12D.0 (D) 


Mip P1P PIP 

IN 2(j — C 1 O — C4U 


1 "1A A PC\ 

124.4 (D) 


PIP PIP Ml P 

C3U — C2U — IN 1U 


1 nn a i £\ 

ioy.4 (0) 


pip pip in/ 
C3U — C2U — Ii2(j 


12D.3 


M1P PIP I I OP 

IN 1 (j — C2(j — fi2(j 


12D.3 


Mip PIP PIP 

JN2U — C3U — C2U 


1 n^ 1 
100.1 (0) 


MIP PIP Trip 

JN2(j — C3(j — fi3(j 


1 ")£. n 
12o.y 


pip pip Trip 

C2U — C3U — rl3U 


1 t/; n 
12o.y 


P1P pip udn 
C 1 0 — C4(j — li4(j 1 


1 nn ^ 

loy.D 


P1P pip uipi 
C 1 0 — C4(j — fi4U2 


1 nn £ 

loy.D 


TT/IPl /■,]/■ rjiipi 

Ii4(j 1 — C4(j — Ii4(j2 


1 nn £ 

loy.D 


P1P PIP TT/IP1 

C 1 0 — C4U — rl4U3 


1 nn £ 

loy.D 


TT/IP1 pip IT1P1 

Ii4(j 1 — C4(j — fi4U3 


1 nn £ 

loy.D 


Tjipn pip uipi 
fi4U2 — C4(j — Ii4(j3 


1 nn £ 

loy.D 


P1P M1P PIP 

C 1 0 — IN 1 U — C2U 


i nc n l a \ 
lOD.y (4) 


P1P M1P 7^1 

CIO — IN lO — Znl 


1 in o ( A\ 
12y.O (4) 


Pip M1P "7 1 

C20 — IN 1 0 — Zn 1 


11/1 "t t"i \ 
124.2 (3) 


C1G — N2G — C3G 


108.5 (4) 


C1G— N2G— H2GN 


125.8 


C3G— N2G— H2GN 


125.8 


N1H — C1H — N2H 


112.3 (3) 


N1H— C1H— C4H 


123.1 (3) 
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MOc pir ri/ic 

JN Zb — C 1 b — C4b 


| T] A (A \ 

V15A (4) 


r PTC TvTOC 

C3b — Czb — JNZb 


1 AC n (A \ 

lUD.y (4) 


pic pic i nr 

C 3 b — C zb — hlZ b 


1 T7 n 
12 /.U 


\TTC POTj 1 nc 

JN Zb — Czb — hlZb 


1Z /.U 


P1 c p'i r mic 

Czb — C3b — JN lb 


lUy.y (4) 


po c pic i n c 
Cz b — C 3 b — hi 3 b 


nc i 
IZj.1 


"\T1C pic l ii r 

JN lb — C3b — hl3b 


nc i 
IZj.1 


P1C P/1C 1 1 ,| r i 

C 1 b — C4b — hl4b 1 


1 nn c 
lUy.D 


PIC P/1C 11,1 CT 

C 1 b — C4b — hl4 bz 


1 nn c 

iuy.j 


1 1 i r: i p/ic lj A co 
rl4b 1 — C4b — rl4bZ 


1 nn c 


pic P/ic 1 1 i nr i 
C 1 b — C4b — hl4 b3 


iuy.D 


ntc i — v in — i lHr.) 




H4E2 — C4E — H4E3 


109.5 


C1E— N1E— C3E 


105.8 (4) 


C1E— N1E— Zn2 


130.0 (3) 


C3E— N1E— Zn2 


122.9 (3) 


C1E— N2E— C2E 


108.2 (4) 


C1E— N2E— H2EN 


125.9 


C2E— N2E— H2EN 


125.9 


N2H" — Zn 1 — 04 — C8 


-76.9 (4) 


NIF— Znl— 04 — C8 


47.9 (4) 


NIG— Znl— 04— C8 


158.8 (4) 


0 1 ' Zn2 06 C9 

V./ 1 ' 1 1 V./ V ' v_. / 


41.1 (3) 


N 1 H — Zn2 — 06 — C9 


178.8 (3) 


N 1 E— Zn2— 06— C9 


-65.4 (3) 


C6— CI— C2— C3 


-1.3 (6) 


C7— CI— C2— C3 


-180.0 (3) 


CI— C2— C3— C4 


2.5 (6) 


CI — C2 — C3 — C8 


-178.4 (3) 


C2 — C3 — C4 — C5 


-0 7 (6) 


pe CT, CA CS 


— 17Q Q (Vi 


CI, CA CS Tfi 




C3— C4— C5— C9 


173.4 (4) 


C2— CI— C6— C5 


-1.7(5) 


C7— CI— C6— C5 


177.0 (3) 


C4— C5— C6— CI 


3.4 (5) 


C9— C5— C6— CI 


-172.1 (3) 


Zn2 iii — Ol— C7— 02 


-9.8 (5) 


Zn2™ 0 1 C7 C 1 


171.5 (2) 


C6 — CI — C7 — 02 


-165.6(4) 


C2— CI— C7— 02 


13.0 (6) 


C6— CI— C7— Ol 


13.2 (5) 


C2— CI— C7— Ol 


-168.2 (3) 


Znl— 04— C8— 03 


-16.3 (6) 


Znl— 04— C8— C3 


164.1 (3) 


C4— C3— C8— 03 


173.2 (4) 


C2— C3— C8— 03 


-5.9 (6) 



XTITT p| II ( • 1 I I 

JN Zhl — C 1 rl — C4hl 


1 ">A £. fA\ 

1Z4.0 (4) 


PITT POTT TV.T1 T_T 

C3hl — Czhl — JN Ihl 


1 no o (i \ 
lUo.Z (3) 


piTTJ PITT | HI! 

C3hl — Czhl — hlZhl 


1 tc n 


xn t_t p 0 1 1 1 nil 
JN 1 hi — Czhl — hlZhl 


1 n 
IZD.y 


PTT T PTTT TVTTT T 

C2H — C3H — JNZH 


1 An 1 ^ 

109.1 (3) 


p 0 1 1 /'iii 1 1 "j 1 1 
Czhl — C3hl — hl3hl 


125.5 


T\TOT_T P T I I I I "J I I 

JNZhl — C3hl — hl3hl 


125.5 


P 1 O p A T_T I I | I I 1 

C 1 rl — C4hl — hl4hl 1 


109.5 


PI II ( • A I I I III I "> 

Clri — C4hl — hl4hlZ 


109.5 


1 1 1 1 1 1 s • ,| 1 1 1 1 /1 1 1 ~> 
hl4hl 1 — C4hl — hl4hlZ 


109.5 


pi 11 ( • 1 1 1 1 1 1 1 n 
Clri — C4hl — hl4hl3 


109.5 


T44T41 P4T4 T44hn 
ntni — v hi 1 — 1 1 h 1 1 . ; 


1 (19 S 

1 U7.J 


H4H2— C4H— H4H3 


109.5 


C1H— N1H— C2H 


105.6 (3) 


C1H— N1H— Zn2 


129.2 (2) 


C2H — N1H — Zn2 


124.9 (3) 


C1H— N2H— C3H 


104.9 (3) 


C1H— N2H— Znl iv 


131.5 (3) 


C3H— N2H— Znl iv 


123.2 (2) 


N 1 F— C2F— C3F— N2F 


-0.3 (6) 


N2F — C 1 F — N 1 F — C2F 


0.0 (5) 


C4F— C 1 F— N 1 F — C2F 


179.9 (5) 


N2F— C 1 F— N 1 F— Zn 1 


-178.4 (3) 


C4F — CIF — NIF — Znl 


1 5 (T) 


C3F— C2F— NIF— CIF 


0.2 (5) 


C3F— C2F— N 1 F— Zn 1 


178.5 (3) 


04— Znl— NIF— CIF 


37.9 (4) 


N2H" — Znl — NIF — CIF 


163.5 (3) 


NIG — Znl — NIF — CIF 


-70.2 (4) 


04 — Znl — NIF — C2F 


-140.1 (4) 


MOTjU ~7 1 TYTITj POTT 

JNZhl — Znl — JNlh — Czh 




mi / ; y,-, i tvt i c pop 

IN 1 v.i — laay — IN lr — i^-Zr 


1118 (A\ 
1 1 1 .o y\) 


NIF — CIF — N2F — C3F 


-0.2 (6) 


C4F— CIF— N2F— C3F 


179.9 (5) 


C2F— C3F— N2F— C 1 F 


0.3 (6) 


N 1 G— C2G— C3G— N2G 


-1.1 (8) 


N2G — C 1 G— N 1 G— C2G 


1.3 (7) 


C4G — C 1 G— N 1 G— C2G 


-177.9 (8) 


N2G — C 1 G— N 1 G— Zn 1 


178.2 (4) 


C4G — C 1 G— N 1 G — Zn 1 


-1 0 01) 


C3G — C2G — N 1 G — C 1 G 


-0.1 (8) 


C3G— C2G— N 1 G— Zn 1 


-177.2 (5) 


04— Znl— NIG— C1G 


-175.7(5) 


N2H"— Zn 1 — N 1 G— C 1 G 


63.3 (5) 


N 1 F— Zn 1— N 1 G— C 1 G 


-59.1 (5) 


04— Znl— NIG— C2G 


0.7 (5) 


N2H"— Zn 1 — N 1 G — C2G 


-120.3 (5) 
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r^A c^i r^o r\A 
C4 — C3 — C8 — U4 


-7.2 (5) 


M1TT 7„1 M]r ( ~~\ f ' 

JN lr — Znl — JN lO — C2(j 


1 1 *7 1 

11 1 .5 {?) 


ri r^i ro 

Cz — C3 — Co — U4 


1 "71 "7 f A \ 

1 15. 1 (4) 


JN 1U — CIO — INZO — C30 


-2.0 (7) 


Znz — U6 — cy — U5 


-10.2 (5) 


r*Ar* r 1 r Mir t ~if 
C40 — C 1 O — IN 2(j — C30 


1 / 1.1 (o) 


7.^ ~> /-v/r pn pc 

Zn/ — Uo — Cy — C5 


1 a 1 c\ ii\ 
lol.y (5) 


{ ~i f Mir pip 
CzO — C30 — INZO — CIO 


1.9 (8) 


r^i rc rn /~*c 

C4 — cj — cy — U5 


— lu. / (0) 


\T1TJ pin /■")![ MTU 

JN 1H — CZH — C3H — INZH 


0.7 (5) 


r/; PC PO 

Co — cd — cy — U5 


1 /; a n ( a \ 
104. / (4) 


MTU Pill Ml TU PIT! 

JN Zti — C 1 H — JN 1 ti — CZH 


0.4 (5) 


v^4 — v^j — i^y — wo 


171 ft C\\ 


P/1TT P|TT M1TT flU 

L.^rl — C 1 1 1 — IN 1 1 1 — CZrl 


1 /o.U [H ) 


C6 — C5 — Cy — 06 


-13.5 (5) 


N2H — C 1 H — N 1 H — Zn2 


-173 3 (3) 


N2E — C2E — C3E — N1E 


0.2 (6) 


C4H — C 1 H — N 1 H — Zn2 


8.2 (6) 


N2E— C1E— N1E— C3E 


-0.1 (5) 


C3H — C2H — N 1 H— C 1 H 


-0.7 (4) 


C4E— C1E— N1E— C3E 


-179.9 (5) 


C3H — C2H — N 1 H — Zn2 


173.4 (3) 


N2E— C 1 E— N 1 E — Zn2 


167.5 (3) 


06 — Zn2 — N 1 H— C 1 H 


-57.7 (4) 


C4E— C 1 E— N 1 E— Zn2 


-12.4 (7) 


0 1 ' — Zn2 — N 1 H— C 1 H 


82.7 (4) 


C2E— C3E— N 1 E— C 1 E 


-0.1 (5) 


N 1 E— Zn2— N 1 H— C 1 H 


-168.4 (3) 


C2E— C3E— N 1 E— Zn2 


-168.8 (3) 


06 — Zn2 — N 1 H — C2H 


129.6 (3) 


06 — Zn2 — N1E — C1E 


-60.7 (4) 


0 1 ' — Zn2 — N 1 H — C2H 


-89.9 (3) 


01' — Zn2 — N1E — C1E 


174.2 (4) 


N 1 E— Zn2— N 1 H — C2H 


18.9(4) 


N1H— Zn2— N 1 E— C 1 E 


52.6 (4) 


N1H — C1H — N2H — C3H 


0.0 (5) 


06 — Zn2 — N1E — C3E 


105.0 (3) 


C4H — C 1 H — N2H — C3H 


178.4 (5) 


01'— Zn2— N1E— C3E 


-20.1 (4) 


N 1 H— C 1 H— N2H— Zn 1 iv 


-172.7(3) 


N1H — Zn2 — N 1 E— C3E 


-141.7 (3) 


C4H — C 1 H— N2H— Zn 1 iv 


5.7 (7) 


N 1 E— C 1 E — N2E — C2E 


0.2 (5) 


C2H— C3H— N2H— C1H 


-0.4 (5) 


C4E— C 1 E— N2E— C2E 


-179.9 (5) 


C2H— C3H— N2H— Znl iv 


173.0 (3) 


C3E— C2E— N2E— C 1 E 


-0.2 (5) 






Symmetry codes: (i) x, -y, z+1/2; (ii) 


-jt+3/2, y+V2, z; (iii)x, 


-y, z-1/2; (iv) -x+3/2,y-V2, z. 





Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

N2E— H2EN-03 V 0.86 2.06 2.912 (5) 169 

N2F— H2FN-02 vi 0.86 1.84 2.693 (5) 172 

N2G— H2GN-05™ 0.86 1.94 2.798 (5) 175 
Symmetry codes: (v) x+1/2, -yf 1/2, -z; (vi) -x+l,y, -z-1/2; (vii) -x+\,y, -z+1/2. 
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